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Abstract 
 If a financial security is traded in many markets, we can calculate the contribution of each market to price 
discovery process, or the ability of a market to reveal information. In the literature are two major approaches 
to measure that contribution. The first one is Hasbrouck (1995) information share which consider every 
market contribution to the variance of the innovations to the common factor. The second one is done by 
Gonzalo-Granger (1995) work and is based on common factor’s itself decomposition. We apply Hasbrouck 
and Gonzalo-Granger models on ERSTE BANK’s prices from Bucharest Stock Exchange and Vienna Stock 
Exchange. The results show that Vienna Stock Exchange has the major contribution in ERSTE BANK’s 
efficient price formation if we use Information Share approach, but in Component Share model this 
contribution is significantly reduced.  
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1. Introduction 
   Price discovery process was first define by Lehmann (2002) and is related to the ability of financial markets 
to incorporate and reveal information about the fundamental value of assets. Hasbrouck (1995) define the 
efficient price, also known as fundamental value of an asset or the common trend, as being a random walk 
process driven by new information about the asset’s future value. For example, if we have two markets, where 
the same security X is treaded, and we note X (1) the price of security in the first market and with X (2) the 
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price of security in the second market, the efficient price (Y) is the process which generate the value of X (1) 
and the same time the value of X (2). 
   Many recent studies R.T. Baillie et al (2002), F.H. Harris et al (2002), H. Yan et al (2007) have shown that 
the major contribution to the efficient price formation is done by the home market of that security. My 
findings in this paper are in line with those studies, empirical application showing that contribution to 
efficient price for ERSTE BANK is between 65% and 90% of cases done by Vienna Stock Exchange Market, 
the home market of security, which intuitively is correct. 
2. The model 
   Consider that the prices are written in the vector form Y = (y1t y2t)’, where in or case y1t represent prices 
from Vienna and y2t represent prices from Bucharest. The major assumption is that prices y1t and y2t are co-
integrated, which means that both are non-stationary but applying firs difference in data series they became 
stationary, and the generating process of the time series is the same. Hasbrouck (Information Share) and 
Gonzalo-Granger (Component Share) models start from the estimation of the following Vector Error 
Correction Model (VECM) of co-integrated series:  
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   α is error correction vector, β  is co-integrated vector, jA  are short run impact matrices and  te are zero 
mean vector of serially uncorrelated innovations with covariance matrix Ω  such that:
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depicts the short-run dynamics induced by market imperfections. 
2.1. Hasbrouck (1995) - Information Share Model 
   The first step in estimating information share of each market is to transform the VECM in a Vector Moving 
Average Representation (VMA). Hasbrouck (1995) show that VECM can be written as: 
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and it’s integrated form:  
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 )(Lψ  and  )(* Lψ  are matrix polynomials in the lag operator, L. )1(ψ  is called the impact matrix and is 
the sum of the moving average coefficients, with te)1(ψ being the long-run impact of an innovation on each 
of the prices. Johansen (1991) shows that : 
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where, ⊥α is the orthogonal matrix to α and ⊥β  is the orthogonal matrix to β . 
 
The last step on the calculation of the IS consists of eliminating the contemporaneous correlation in error 
terms. This is achieved by constructing a new set of errors, using Cholesky (upper and lower) factorization, of 
'MM=Ω .  Hasbrouck (1995) decomposes the implicit efficient price variance.
 
If the prices in both markets are expressed in the same currency a stationary relation between them is y1t - y2t, 
in this case, )'1,1( −=β and as a result )'1,1(=⊥β . R.T. Baillie et al (2002), shows that under this 
condition, the long run impact of a shock on the efficient price is the same for each market, that is, the impact 
matrix )1(ψ  has the same rows:  
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 The market-share of the innovation variance attributable to the market j, (j=1, 2) is compute by the formula:  
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2.2. Gonzalo-Granger(1995): Component Share 
   Harris et al. (1997) and Harris et al. (2002) used for the first time the CS measure of Gonzalo-Granger for 
price discovery purposes. This CS decomposition imposes the permanent component Wt to be a linear 
combination of the original variables, Yt. This makes Wt observable, and at the same time implies that the 
transitory component is also a linear combination of Yt:  
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     where Wt is the permanent component and Zt is the transitory component and :  
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If )'1,1( −=β and )'1,1(=⊥β , H. Yan et al (2007), shows that component share is ),( 21 ⊥⊥ αα  with
121 =+ ⊥⊥ αα .
 
3. Database and methodology 
In this paper I use 1 minute intraday data for ERSTE BANK quotes from Vienna and Bucharest. The 
source of data is Thomson Reuters. Database comprises best ask and best bid priced during six months (24 
July 2012 – 5 February 2013), a total of 11823 quotes for each market. I transformed all the prices from 
Vienna Stock Exchange in RON, using also intraday data for EURO/RON exchange rate. Prices from both 
markets were computed as mean between best ask and best bid quotes.  In order to perform my analysis I’ve 
used a logarithmic price scale. This is in line with Hasbrouck’s (1995) study. 
For econometric approach 3 programs were used. The first one was R, were I performed the following 
procedures: Augmented Dickey Fuller Test, Lag Length Criteria, Johansen Co-integration Test, VECM 
estimation, IS approach, CS approach, impulse-response function and variance error decomposition. Cholesky 
decomposition and orthogonal complements for error correction vector, and co-integration vector were 
performed in Matlab. 
The first test performed was ADF test. As I expect, all series are non-stationary, but after we apply the first 
difference they all become stationary. All the result from ADF test are reported in Table1. 
Table1.ADF Summary  
Test critical 
values 
(5%) 
t-Statistic p-Value
Price Vienna-Level -2.12 -2.86 0.2334
Price Vienna- First difference -88.30 -2.86 0.0001
Price Bucharest-Level -2.86 -2.37 0.15
Price Bucharest- First difference -114.42 -2.86 0.0001
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The null hypothesis of this test is that series have a unit root, which means that is non-stationary. As we 
can see in Table1, level prices for the two markets are non-stationary, but if we apply the first difference they 
became stationary. This allows us to perform Johansen Co-Integration Test to see if they are co-integrated. 
Lag length of this test was chosen based on Akaike Information Criterion and was set to 5. The results of the 
test are reported in Table 2.  
 
Table2. Johansen Co-integration Test - Trace test, with linear trend.   
Test values Critical value
10% 
Critical value
5% 
Critical value
1% 
Number of co-integration 
relations (H0) 
At least one 6.6 6.5 8.18 11.65
None 62.49 15.66 17.95 23.52
 
   If the test value is greater than some critical values, the null hypothesis can be rejected. As we can see, the 
null hypothesis of zero co-integrated relations can be rejected, but we cannot reject the “At least one” 
hypothesis, so, the number of co-integration relationships is one.Once we saw that price series have a 
common stochastic trend, we can estimate the Vector Error correction model. The results are in Table3.  
Table3. VECM estimates   
Estimation Values
(p-values 5% 
level) 
)',( 21 ααα =   
1α
2α  
)',( 21 ⊥⊥⊥ = ααα  
⊥1α  
⊥2α  
-0.003(0.00096)
0.005(0.00206) 
 
0.62(0.00096) 
0.37(0.00206) 
)',( 21 βββ =
1β  
2β  
)',( 21 ⊥⊥⊥ = βββ  
⊥1β  
⊥2β  
 
1(0.00000) 
-1(0.02057) 
 
1(0.00000) 
1(0.02057) 
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   As we can see, all estimates are statically significant. We can also notice that )'1,1( −=β , which is in line 
with theoretical predictions for an asset traded in more than one market. With that in mind, when we apply 
Cholesky factorization to Ω , we have two possibilities: to create a lower triangular matrix or a upper 
triangular matrix. In this case we obtain two sets of information shares, for the lower triangular matrix and for 
upper triangular matrix. In the upper case, it’s assumed that the second market has the major influence on 
efficient price variance, and in the lower case, the first one. Variance-covariance matrix, Cholesky 
factorization, and impact matrix are presented in Table4. 
Table 4. Estimation results 
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In this moment we have everything we need to compute IS and CS models. Results are in Table5. 
Table5. Information Share vs. Component Share   
Information Share
Component Share Upper Lower Mean
Vienna Stock 
Exchange 
83% 96% 89.5% 63%
Bucharest Stock 
Exchange 
17% 4% 10.5% 37%
 
4. Conclusions 
This paper investigates price discovery process in two markets. Using two approaches, Hasbrouck (1995)-
Information Share and Gonzalo-Granger(1995) - Component Share I investigate ERSTE BANK quotes in 
Vienna and Bucharest. My findings are in line with empirical studies which argue that major contribution to 
price discovery process is in company home market.  Using this models, we find that almost 90% of efficient 
price variation is formed in Vienna (IS) and only 10% in Bucharest. This fact is important because an investor 
in ERSTE BANK’s stock from Bucharest can hedge his position according to information from Vienna, and if 
he is a informed trader can profit from this anomalies.     
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